The Borg Scale may be a useful tool for heart failure patients to self-monitor and self-regulate exercise on land or in water (hydrotherapy) by maintaining the heart rate (HR) between the anaerobic threshold and respiratory compensation point. Methods and Results: Patients performed a cardiopulmonary exercise test to determine their anaerobic threshold/respiratory compensation points. The percentage of the mean HR during the exercise session in relation to the anaerobic threshold HR (%EHR-AT), in relation to the respiratory compensation point (%EHR-RCP), in relation to the peak HR by the exercise test (%EHR-Peak) and in relation to the maximum predicted HR (%EHR-Predicted) was calculated. Next, patients were randomized into the land or water exercise group. One blinded investigator instructed the patients in each group to exercise at a level between "relatively easy and slightly tiring". The mean HR throughout the 30-min exercise session was recorded. The %EHR-AT and %EHR-Predicted did not differ between the land and water exercisegroups, but they differed in the %EHR-RCP (95±7 to 86±7, P<0.001) and in the %EHR-Peak (85±8 to 78±9, P=0.007). Conclusions: Exercise guided by the Borg scale maintains the patient's HR between the anaerobic threshold and respiratory compensation point (ie, in the exercise training zone). (Circ J 2009; 73: 1871 -1876 
eart failure is considered to be the last stage of heart disease and a cause of worldwide mortality and morbidity. [1] [2] [3] [4] It is characterized by persistent activation of the neurohormonal system, 5 endothelial dysfunction, [6] [7] [8] exercise intolerance, 9,10 high mortality 11 and poor quality of life. 12, 13 Exercise training is an important component of heart failure treatment. It improves exercise capacity, 14 quality of life, 15 endothelial dysfunction, 16 catecholamine levels, 17 and morbidity. 18 In this population of patients, the prescription of adequate aerobic exercise intensity based on heart rate (HR) is crucial to ensure both an increase in exercise capacity and reasonable control of exercise-related risk. 1, 7 Despite the lack of consensus about which exercise method and intensity are the best to improve heart failure patients, a submaximal level (ie, between the anaerobic threshold and respiratory compensation point) seems to have the best security/efficacy relationship. 19 Higher exercise intensities are associated with displeasure 20 and reduced adherence. 21 Hydrotherapy (ie, exercise in warm water) has been considered potentially dangerous for heart failure patients because of the increased venous return caused by the hydrostatic pressure. 22 However, nowadays, it is known that cardiac function improves with water immersion, which increases early diastolic filling and decreases HR, leading to improvements in stroke volume and left ventricular ejection fraction (LVEF). 18 Hydrotherapy has advantages compared with conventional land training because of the combination of exercise and warming. 23 Studies using saunas (ie, warming) have shown important improvements in neurohormonal attenuation and exercise status in heart failure patients. 24 These findings suggest that hydrotherapy is a potential treatment for heart failure patients, despite only the few studies available. Exercise guided by the Borg Scale of between "relatively easy and slightly tiring" has been proposed to guarantee submaximal effort during exercise. 7 Despite the importance of exercise intensity, little is known about the self-monitoring and self-regulating of exercise intensity by heart failure patients, particularly during hydrotherapy.
The aim of this study was to evaluate if the Borg Scale could be used to self-monitor and self-regulate exercise on land or in water by maintaining the heart failure patient's HR between the anaerobic threshold and respiratory com-
Methods

Study Population
A total of 64 outpatients with heart failure were recruited from a tertiary cardiology hospital from March 2007 to June 2008. Inclusion criteria were: clinical and treatment stability (for at least 3 months), LVEF ≤40%, New York Heart Association functional class I-III and no previous participation in an exercise training program. Patients were either unaccustomed to or had no previous experience with water or swimming. Patients with a pacemaker, atrial fibrillation, Chagas' disease, a submaximal cardiopulmonary exercise test (CPET) or noncardiovascular functional limitations, such as stroke or chronic obstructive pulmonary disease, were excluded. Patient characteristics are shown in Table 1 .
The study protocol was approved by the ethics committee of the study institution. All patients provided informed consent prior to participation.
Study Design
This clinical trial was designed to evaluate if the Borg Scale used between "relatively easy and slightly tiring" could be an important tool for self-monitoring and self-regulating exercise prescription on land or in water by maintaining the heart failure patient's HR between the anaerobic threshold and respiratory compensation point (ie, in the exercise training zone). Firstly, all patients performed a CPET to determine the HR dynamics: resting HR, peak HR, anaerobic threshold and respiratory compensation point. When the CPET was completed, patients were randomized one by one to the land or water exercise group. Between 2-3 days after the randomization, patients performed the exercise session. One blinded investigator who did not see the patient's CPET or the HR corresponding to the anaerobic threshold/ respiratory compensation point, conducted the exercise session. The investigator advised the patients to exercise at a pace between "relatively easy and slightly tiring" (between 11 and 13 on the Borg Scale). HR was collected throughout the 30-min session and the mean was calculated.
CPET
All patients were asked to refrain from both strenuous physical activity and the consumption of any stimulants (eg, coffee, tobacco, alcohol) that could influence HR for 24 h prior to the CPET. The patients' last meal was ingested at least 2 h before the start of the test. All subjects underwent the test on a programmable treadmill (Series 2000, Marquette Electronics, Milwaukee, WI, USA) in a temperature-controlled room (21-23°C) between 10.00 h and 15.00 h with a standard 12-lead continuous ECG monitor (Max 1, Marquette Electronics). Blood pressure monitoring was performed by the auscultation method. Minute ventilation, oxygen uptake, carbon dioxide output and other cardiopulmonary variables were acquired breath-by-breath by a computerized system (Vmax 229 model, SensorMedics, Yorba Linda, CA, USA). Resting oxygen consumption and HR were computed as the mean of the final 30 s of the resting period, whereas peak effort (peak of oxygen consumption) and peak HR were the mean values of the final 30 s of effort before exhaustion. The respiratory exchange ratios were recorded as the averaged samples obtained during each stage of a modified Naughton protocol. A satisfactory CPET was characterized by a peak of respiratory exchange ratio >1.05 and symptoms of maximum effort. Maximum HR predicted for age was calculated as: 220 − age. To compare the mean HR of the land and water groups collected throughout the 30 min of exercise training, we transformed the mean HR in a relative variable to the anaerobic threshold and respiratory compensation point. The percentage of the peak HR in relation to the maximal HR predicted for the age (%PHR-Predicted) was calculated by %PHR-Predicted = (peak HR/Predicted HR) ×100. The percentage of the mean HR during the exercise session in relation to the anaerobic threshold HR (%EHR-AT), determined by the CPET, was calculated as %EHR-AT = HR session/HR anaerobic threshold ×100, in relation to the respiratory compensation point (%EHR-RCP) as %EHR-VT = HR session/HR respiratory compensation point ×100, in relation to the peak HR determined by the CPET (%EHR-Peak) as %EHR-Peak = HR session/Peak HR ×100 and in relation to the predicted HR (%EHR-Predicted) as %EHR-Predicted = HR session/220 − age ×100.
The anaerobic threshold was determined when the levels of the ratio between V
• E/V • O2 and the oxygen partial endtidal pressure reached minimum values before rising. The respiratory compensation point was determined when V
• E/ V
• CO2 reached their minimum values before rising and the carbon dioxide partial end-tidal pressure reached its maximum level before starting to decrease. 25 
Exercise Training Protocol
The heart failure patients in the land exercise group (20± 1°C controlled temperature room) were instructed by the blinded investigator to exercise on a treadmill with zero inclination at a level between "relatively easy and slightly tiring" (between 11 and 13 on the Borg scale). Between 2-3 days after the randomization, patients performed the exercise session at the same time as they had performed the CPET to avoid neurohormonal circadian variation. Encouragement was standardized with phrases such as "If you can walk faster, increase the speed", "You are doing very well", and "If it is tiring, you can reduce the speed". 7 All patients used a HR monitor (Polar, Electro Oy, Kempele, Finland) that continuously showed the HR throughout the 30-min exercise session and the mean HR immediately after the study exercise protocol. The investigator checked each patient's HR every 5 min during the exercise training. The patients in the water exercise group (31±1°C controlled temperature swimming pool) were instructed by the investigator to walk in 2 directions for 12 m at a pace that was between "relatively easy and slightly tiring" (between 11 and 13 on the Borg Scale). The water exercise was performed at the same time as the CPET had been conducted to avoid neurohormonal circadian variations. Patients were not immersed up to the xiphoid. 26 Encouragement was standardized with phrases such "If you can walk faster, increase the speed", "You are doing very well", and "If it is tiring, you can reduce the speed". All patients in the water group used the same brand of HR monitor as the land group had used. HR was continuously monitored throughout the 30-min exercise session and the mean HR was recorded immediately after the water exercise protocol by the same device used for the land group. The investigator checked each patient's HR every 5 min during the exercise training.
Current Medication Intake
All patients were instructed to take their usual heart failure medication. All were using carvedilol in association with an angiotensin-converting enzyme inhibitor (enalapril/ captopril) or losartan and isosorbide 5-mononitrate. The medications of the groups are shown in Table 1 . Patients took their medications twice daily: half of the daily dose was taken in the morning (09.00 h) and the other half was taken at night (21.00 h). Diuretics, digoxin and spironolactone were taken in the morning (09.00 h).
Statistical Analysis
Data are presented as mean, standard deviation and 95% confidence interval (CI). The resting HR, peak, %EHR-AT, %EHR-RCP, %EHR-Peak and patient's characteristics were normally distributed. To compare these variables between groups, we used the unpaired Student's t-test. Intraclass correlation coefficients (ri) with 95%CI and Cronbach's α were calculated to test the agreement of the %EHR-AT, %EHR-RCP, %EHR-Peak between the land and water exercise groups. This agreement test was performed to evaluate if the HR response relative to the anaerobic threshold and respiratory compensation point between the water and land exercise groups was the same, because immersion in warm water provides hemodynamic adaptations.
Data were analyzed using the Statistical Package for Social Sciences for Windows, 11.5 (SPSS Inc, Chicago, IL, USA). Statistical significance was defined as P<0.05.
Results
Both groups were well matched for sex, LVEF, body mass index, heart failure etiology, New York Heart Association functional class, peak oxygen consumption and current medications ( Table 1) . Of the 64 recruited patients, 2 were excluded because of influenza, 8 did not meet the inclusion criteria and 10 refused to participate. After randomization (44 patients), 2 patients from the water exercise group dropped out of the study for personal reasons (Figure 1) . The protocol was well tolerated by all patients and no adverse events occurred.
The %EHR-RCP (95±7 vs 86±7%, P≤0.0001) and %EHR-Peak (85±8 vs 78±9, P=0.007) differed between the land and water exercise groups, respectively. Exercise CPET, cardiopulmonary exercise test; HR, heart rate; AT, anaerobic threshold; RER, respiratory exchange ratio; RCP, respiratory compensation point; %PHR-Predicted, percentage of the peak HR in relation to the maximal HR predicted for age (220-age); %EHR-AT, percentage of the mean HR during the exercise session in relation to the AT HR; %EHR-RCP, in relation to the RCP; %EHR-Peak, in relation to the peak of HR in the exercise test; %EHR-Predicted, in relation to 220-age.
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Figure 2.
Heart rate response to water and land exercise. %EHR-AT, percentage of the mean heart rate during the exercise session in relation to the anaerobic threshold heart rate; %EHR-RCP, in relation to the respiratory compensation point; %EHR-Peak, in relation to the peak of heart rate in the exercise test; %EHR-Predicted, in relation to 220 − age. Heart rate response to water and land exercise. The upper line is the respiratory compensation point and the lower line is the anaerobic threshold. Data are presented as percentage. %EHR-AT, percentage of the mean heart rate during the exercise session in relation to the anaerobic threshold heart rate; %EHR-RCP, in relation to the respiratory compensation point.
variables are listed in Table 2 and shown in Figures 2,3 . The blinded investigator checked each patient's HR every 5 min during the exercise session, but no significant differences were observed. The HR response was almost constant during the exercise session in both groups.
Discussion
The main finding of this study is that exercise training guided by the Borg scale of between "relatively easy and slightly tiring" took the patient's HR into the zone between the anaerobic threshold and respiratory compensation point (ie, the exercise training zone) during land or water exercises. The exercise performed on land took the HR nearer to the respiratory compensation point when compared with the water group.
Aerobic exercise training is a well-established nonpharmacological treatment for patients with heart failure. Hydrotherapy is a new and well-tolerated method of exercise rehabilitation that was first proposed as an alternative for elderly and impaired patients with heart failure, but which showed important improvements in neurohormonal attenuation because of the hydrostatic pressure and warming. 19 Independent of the method of exercise rehabilitation, the prescription of adequate aerobic effort is crucial to obtain both an acceptable training stimulus and a reasonable control of the exercise-related risk. 1 Despite there being no consensus about which exercise intensity is the best for heart failure patients, a submaximal level (between the anaerobic threshold and respiratory compensation point) seems to have the best security-efficacy relationship. 15 The HR is a good tool to use as a guide for exercise training because of the close relation with oxygen consumption, 27 especially when considering the percentage of HR reserve in heart failure patients on optimized carvedilol therapy. 28 In our study, the land and water exercises were well tolerated without any complications such as dizziness, breathlessness or muscular pain.
The high rate of dropout from exercise programs may be attributed, in part, to the poor ability of most individuals to accurately self-monitor and self-regulate their exercise intensity. 29 The Borg scale is a simple and cheap method of self-monitoring that correlates with submaximal effort in healthy subjects. 30 The transition from aerobic to anaerobic metabolism is associated with exponential changes in several perceptible peripheral physiological functions, such as ventilation. 31 Heart failure patients can manage to use the Borg scale well and its use guarantees a submaximal effort in the 6-min walking test. 7 The Borg scale also can be quite useful in prescribing exercise training intensity. 32 In the present study, the patients did not have any difficulties understanding the exercise training as guided by the Borg scale.
Some studies have evaluated perceived exertion and the transition to anaerobic metabolism during exercise testing. 25, 33, 34 Ekkekakis et al studied 30 young and healthy volunteers (on a treadmill) and concluded that exercise intensity above the point of transition from aerobic to anaerobic metabolism is accompanied by significant displeasure about the exercise. 25 Hetzler et al studied 29 untrained male subjects (using a cycle ergometer and treadmill) and concluded that the exercise modality does not affect the perception of exertion at the anaerobic threshold. 29 Hill et al determined the effect of exercise training on perceived exertion at the respiratory compensation point and concluded that the rating of perceived exertion is not affected by training, despite the fact that after exercise training the respiratory compensation point occurs at a higher work rate. 30 It seems that, in healthy subjects, selfperceived exertion is related to the metabolic profile, but this relationship is unknown in heart failure patients.
In our study, almost all the heart failure patients, in both groups, had an exercise training HR between the anaerobic threshold and respiratory compensation point when guided by the Borg scale of between "relatively easy and slightly tiring". Our data are partially in agreement with the Statement from the American Heart Association Committee on Exercise, Rehabilitation, and Prevention, which recognizes that the ventilatory or anaerobic threshold generally occurs at a rate of perceived exertion between 13 and 15 on the Borg scale. 28 The land group had an exercise training HR nearer the respiratory compensation point (95%) than did the water group (86%), for the same perceived exertion (between "relatively easy and slightly tiring" on the Borg scale). This finding was also true in relation to the peak HR by the CPET (85-78%, respectively). The respiratory compensation point typically occurs at 90% of the peak HR. 35 The lower HR in the water exercise group could be explained by the improvement in cardiac function, attenuation of the neurohormonal system and vasodilatation promoted by the warm water. 22 Achievement of age-predicted values for maximal HR during exercise is often used as a reflection of maximal or near maximal effort (220 − age). This method has been questioned by some authors, 36 but it is currently the most commonly used method worldwide. Carvalho et al found a peak HR of 65% of the maximum age-predicted HR in an optimized heart failure group (HR between 50 and 60 beats/min and carvedilol dose ≥50 mg/day). 23, 37 Mezzani et al observed a peak HR of 76% of the maximum age-predicted in heart failure patients with non-optimized β-blocker (carvedilol) dose. 38 These data are in agreement with ours. In our study, the %EHR-Predicted was 61% for the land and 58% for the water exercise groups, which indicates that the Borg scale was useful for ensuring submaximal exercise training in the present heart failure patients.
In our study, the difference in the %EHR-Peak and %EHR-RCP found between groups was expected, because decreased HR during water immersion has been shown previously. 22 Interestingly, the water group in the present study seemed to exercise at a lower HR, despite a similar perceived level of exertion in both groups. Maybe the hydrotherapy has a protective effect on the heart that is more pronounced than with land exercise. This aspect should be followed in further studies, especially looking at the training effect of a longer training period. not investigated because of the difficulties of collecting blood samples during exercise in water.
Study Limitations
Conclusion
The Borg Scale of between "relatively easy and slightly tiring" was an important tool for self-monitoring and selfregulating exercise prescription in land and water exercises by maintaining the heart failure patients' HRs between the anaerobic threshold and respiratory compensation point (ie, in the exercise training zone).
Land exercises took the HR closer to the respiratory compensation point when compared with hydrotherapy. In rehabilitation programs, these data are potentially important for conducting and adapting exercise training prescription without a CPET, which implies lower costs.
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